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The  data  in  the  literature  on  the  maintenance  requirement  of  the  dairy 
cow  is  limited.  Some  of  the  available  data  can  only  be  considered  as  being 
of  a sturvey  type.  It  mainly  consists  of  data  on  three  cows  studied  by 
Haecker  (1)  eight  cows  by  Eckles  (2)  aind  20  cows  by  Hills  (3).  Most  of  the 
body  weight  data  in  the  Hills  experiment  were  lost  and  none  of  the  original 
data  2ire  presented  in  usable  form.  The  digestibility  of  the  feeds  used  was 
not  measured  by  Haecker  or  Hills  and  some  of  the  animals  used  by  all  three 
investigators  were  low  producers  and/or  ”beefy'*  in  type.  A reappraisal  of 
the  maintenEuice  requirement  with  additional  information  on  the  variation 
among  cows  and  the  repeatability  and  errors  involved  in  its  meaisurement  ap- 
peared desirable. 

This  was  done  by  feeding  U.S.  #1  adfalfa  hay  to  mature  dry  open  dairy 
cows  in  amounts  that  woiald  maintain  their  body  weight.  This  amount  of  al- 
falfa was  taken  as  the  maintenance  requirement.  Differences  in  the  main- 
tenance requirement  were  used  to  estimate  the  variability  at  different  times 
and  the  repeatability  of  the  measurement. 

The  cows  were  stall-fed  throughout  the  year  and  were  allowed  to  run  in 
a dry  lot  for  exercise  several  hours  each  day.  Steamed  bone  meal,  trace 
mineralized  salt  and  water  were  siq)plied  ad  libitum.  The  cows  were  weighed 
on  two  consecutive  days  every  five  days.  Holstein  and  Jersey  cows  from 
eight  different  herds  were  used  including  three  sets  of  identical  twins. 

The  data  obtained  during  the  first  30  to  60  datys  of  alfalfa  feeding  were 
considered  as  preliminary  amd  were  not  used  in  the  final  summary  of  data. 

The  cows  were  kept  on  one  particular  feed  for  a period  well  over  100  days 
in  length  wherever  possible.  Aliquots  of  hay  fed  were  obtained  every  day 
and  composited  by  10  day  periods  for  dry  matter  and  other  analysis. 

The  original  data  are  presented  in  Table  1,  A weighted  average  for 
hay  consumed  was  calculated  for  each  trial.  In  the  first  trial  several 
different  alfalfa  hays  were  used  2Uid  an  approximate  analysis  is  given  for 
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this  material.  The  first  trial  covered  a period  of  684  cow  days  and  the 
average  alfalfa  hay  dry  matter  (D,  M. ) consinned  by  the  average  1113  lb. 
cow  was  13,93  lb.  with  a body  weight  gain  of  0,18  lb,/day/cow.  In  the 
second  trial  extending  over  1017  cow  daiys  the  average  D,  M,  consigned  by 
the  average  1185  lb,  cow  was  15,72  with  a body  weight  gain  of  0,27  lb,/ 
cow/day.  In  the  three  remaining  trials  the  body  weight  changes  were 
relatively  small.  In  trial  3 covering  740  cow  days  the  D.  M,  consxjmed  by 
the  average  1262  lb,  cow  was  14,96  with  a gain  of  0,07  lb, /day/cow.  In 
trial  4 covering  1231  cow  days  the  average  D,  M,  consumed  by  the  average 
1208  lb,  cow  was  13,88  with  a loss  of  body  weight  of  0,09  lb,/day/cow, 
Diaring  trial  5 the  same  lot  of  alfalfa  was  fed  as  in  trial  4 but  it  had  a 
somewhat  different  composition.  Trial  5 covered  1290  cow  days  and  the 
average  D,  M.  consumed  by  the  average  1251  lb,  cow  was  14,77  with  a body 
weight  gain  of  0,05  lb,/day/cow. 

An  approximation  of  the  average  maintenance  requirement  for  a 1,000 
lb,  cow  could  be  calculated  by  assuming  a direct  proportion  between  main- 
tenance and  body  weight  and  assuming  a correction  for  the  small  weight 
changes,  lihen  the  weight  changes  were  assigned  their  usually  accepted 
value  (4)  the  average  maintenance  requirement  r2inged  from  11,4  to  11,9 
lb,  of  alfalfa  dry  matter  per  1,000  lb,  body  weight,  lihen  the  weight 
change  was  assigned  the  value  estimated  from  these  experiments  the  aver- 
age maintenance  requirement  rainged  from  11,6  to  12,3  lb,  D,  M,/l,000  lb. 
Assuming  that  the  total  digestible  nutrient  content  of  the  alfalfa  dry 
matter  was  59^  the  extreme  range  in  average  maintenance  requirement  for 
a 1,000  lb,  cow  would  be  6,7  to  7.2  lb,  total  digestible  nutrients. 


In  order  to  compare  the  requirement  of  different  cows  and  the  S2ime  cow 
at  different  times,  some  method  of  stamdardizing  the  data  to  a given  body 
weight  and  correcting  for  the  small  body  weight  changes  must  be  made.  One 
type  of  formula  that  has  been  used  to  express  the  relationship  of  intake 
(I)  to  body  weight  (W)  and  weight  chamge  (G)  is  I * kx)i^k2G,  in  which  k^ 
and  k2  are  constants  and  b is  a power  of  body  weight.  By  assuming  that 
kx  " 0,001  and  b and  k2  “ 1,0  we  obtain  ^ » G or  intaike  per  1,000  lb,  is 
equcil  to  G,  Mien  intake  per  1,000  lb,  was  correlated  with  gain  in  body 
weight  per  day  a correlation  coefficient  of  0,64  (P>0,01)  was  obtained 
for  the  52  observations  calculated  from  the  data  in  Table  1,  The  regres- 
sion equation  was  Y « 12,01  + 3,45  X in  which  i » estimated  D,  M,  intake 
per  1,000  lb,  body  weight  and  X * body  weight  change  in  lb. /day  and  the 
standard  error  of  b was  0.58  (P>  O.Ol), 


This  method  was  used  to  estimate  the  maintenance  requirement  of  ten 
cows  that  were  fed  three  different  lots  of  alfalfa  hay  during  trials  3,  4 
and  5,  The  results  of  these  calculations  are  presented  in  Table  2,  The 
lower  value  would  indicate  greater  efficiency  in  utilization  of  feed  for 
maintenance.  The  ten  cows  were  placed  in  three  groups.  The  first  foxar 
cows  in  Table  2 were  the  most  efficient  and  the  last  three  cows  were  the 
least  efficient.  In  genercil  the  cows  remained  in  the  specific  group  during 
each  trial. 


»3« 


The  average  requirement  during  these  three  trials  was  approximately 
the  same  for  each  trial*  The  range  in  standard  deviation  of  each  average 
was  from  0,4  to  0.8  and  the  coefficient  of  variation  was  about  5^.  The 
high  value  for  these  two  statistics  during  trial  5 was  due  to  the  high 
value  for  cow  197,  This  cow  became  very  nervous^  during  this  trial  and 
the  amount  of  hay  necessary  to  maintain  body  weight  increased.  The  co- 
efficient of  variation  during  this  last  trial  when  the  data  of  this  cow 
was  omitted  was  4.3^^,  The  coefficient  of  variation  during  trials  1 and  2 
was  also  under  5^,  An  analysis  of  variance  was  performed  on  the  data  in 
Table  2 which  showed  that  there  was  difference  between  cows  (P<^  .05  /^oOl). 
The  repeatability  was  .41  and  the  standard  deviation  within  cows  was  ±0,5. 

Although  the  alfalfa  dry  matter  necessary  to  maintain  any  one  cow  at 
different  times  was  not  as  reproducable  as  could  be  desired,  the  variation 
among  the  cows  remained  about  the  same  when  different  hays  were  fed.  The 
fact  that  repeatability  (.41)  and  the  consistency  of  coefficient  of  vari- 
ation (5^)  are  reasonable  would  indicate  a good  degree  of  precision  in  the 
measurement. 

The  calculations  made  for  the  data  presented  in  Table  2 represent 
only  one  method  of  calculating  the  data  presented  in  Table  1.  It  was  used 
here  to  standardize  the  data  obtained  on  cows  of  varying  body  weights  and 
gains  in  order  to  obtain  an  indication  of  the  variation  within  the  groi^) 
at  different  times.  Other  more  complex  formula  relating  intalce  to  body 
weight  and  gain  may  be  m.ore  applicable  to  the  original  data  and  that  is 
now  being  investigated. 

From  the  data  obtained  by  feeding  alfalfa  hay  to  mat’ore  dry  open  dairy 
cows  in  amounts  necessary  to  maintain  body  weight  it  can  be  concluded  that 
about  12  lb.  of  U,S,  ffl  alfalfa  hay  dry  matter  per  day  will  maintain  the 
body  weight  of  a 1,000  lb.  cow.  The  coefficient  of  variation  found  in 
this  value  was  about  and  the  standard  deviation  was  about  ± ,5,  A dif- 
ference between  cows  in  their  maintenance  requirement  was  shown  which  re- 
flects a difference  in  the  efficiency  of  these  cows  in  their  utilization 
of  feed  for  maintenance. 


(1)  T*  L.  Haecker,  Minnesota  Agri,  Exp.  Sta. , 13ul.  79,  1903, 

(2)  C.  H.  Eckles,  Missouri  Agri,  Exp,  Sta.,  Bui.  4,  1911  and  Bui,.  7,  1913, 

(3)  J.  L,  Hills,  Vermont  Agri,  Exp,  Sta,,  Bui,  226,  1922, 

(4)  J,  C,  Knott,  R,  E,  Hodgson  and  E.  V,  Ellington,  Washington,  Agri. 

Exp.  Sta,,  Bui,  295,  1934. 


a 

I 

u 

<D 

4)  CO 
-t-* 
(B  *H 


'Cl 


u 


C «3 
0> 

+J 

.5  I 

cS  3 
6 W 


« U 

o -H 

O -H 

KS 

a 


a +> 

-H  x: 

rt  M 

•O  ‘H 

•9.S 

tuO 

■H  (B 

rs 

• s: 

H cj 

0) 

XI 

H 


O ^ 


•d  jr 

o -H 

•H  tcO 

ti  3 
0)  (B 

a< 


+> 

x: 

u) 

•H 

^ <» 
iH 

O h 

x>-  +* 

0>  LO 

hc 

(i  4> 

^ x: 

0)  -H 
t> 

R}  txo 

to  *9 
•S  ^ 

^ ^3 


8 

X3 

u 

d 

d 

s 

3 

b 

05 

P <3 

G 

o 

..  0. 

CD 

d 

» 

bO 

X 

X 

(3 

bO 

X 

, -H 

<_> 

d 

4) 

>3 

uo 

XJ 

Rj 

o 

p 

d 

i 

> 

<55 

r3 

X 

X 

U 

4) 

PM 

G 

o 

•H 

+» 

•H 

CO 

0 

a 

1 

o 


xi  X3 
O tH 


'O  X 
o +i|co 
•H  bO; 

O R) 
0>  M Ti 
!Xi  J5 


CQ 

W 

(C 
tH  C„ 

H 

«j  Cm 

• 

O 
(0 
•H 

s 


•o 

In  0> 

(1)  g 

CO 

o 


+» 

s:_ 

bo 


>s 

X3 

O 

PP 


T3  X 
O X> 
•H  bCJ 

t.  5^ 

<l>  CD 

a. 


^ • 

o o 
O 25 


0) 
(Cj 
0) 


x'j 

X 

CO 

05 

ac 

00 

?H 

<•4 

H 

r-. 

X 

X 

v7^‘ 

X O X 

X 

■Cf 

X 

iH 

X 

ID 

X 

rj* 

o 

CM 

X 

rjli 

X 

CD 

•7 

V.-' 

CO  iiO  C.O 

G 

X 

O 

CM 

0 

0 

0 

» 5 8 ? 4 

{ J 3 5 5 

? ^ 

« f t 

0 

ft 

• 

ft 

G 

CM 

X 

LO 

X 

C‘J 

'si' 

-O 

X 

ID 

X 

H 

^ r-; 

t.- 

X 

CM 

X 

X 

X 

X 

X 

r-^ 

»M 

X 

X 

X 

— H 

r-i 

r-*  r-\  rH 

1-4 

X 

'Cf 

<y> 

r*I 

iD 

X 

o 

C'J 

rH 

37 

C'5 

lO 

CM 

o 

rH 

O 

G 

•!^-0 

C' 

'G 

C „ 

t'  i J 

J t t t tH 

o 

Z-'; 

0 

0 

• 

+ 

H- 

+ 

f 

> 

I 

* 

i 

; 

0^ 

4^ 

X 

CM 

CM 

a 

CO 

CO 

CM 

X 

tH 

CM 

X 

X 

LO 

rH 

1 

a> 

<N 

X 

X 

CO 

LO 

o 

P 

X 

X 1 1 i 1 

1 I 1 1 X 

1 CC 

LO 

CO 

CM 

CM 

X 

X 

rH 

iH 

X 

X 

o 

o 

X 

CO 

CM 

} 

X 

X 

X 

X 

X 

tH 

rH 

X 

X 

X 

X 

X 

rH 

rH 

ooooooooooo 

iHrHrHrHrHrHtHtHrHrHOO 
tHr-<t— IrHi— (rHtHrHt-HrH 


t j I i I ) S 


o 

? 


esj  CO  O tH  t-  O 
lO  lO  OO  J>  tH  H’  CO 


t- 

CX>  CO 


^1 


o 


r-Tl 


crs 

CM 

rH 


^col 


H'COCOlOCDCOH^'^j'H^CM 

tHtHtHtHTHtHiHtHtHtH 


C30rJ''>;l't>“CM  Rft-tH<3> 
COtHOtHOOHOCMH 


I I I t ( I I 


X 

X 

X 

X 

X 

X 

X 

X 

o 

X 

tH 

X 

05 

X 

X 

X 

tH 

<75 

X 

0 1 

1 c « 

0 

0 

• 

0 

0 

0 

0 

ft 

ft 

o 

X 

X 

X 

tH 

X 

X 

X 

X 

r-^ 

X 

X 

X 

X 

X 

X 

X 

X 

I I 


CO 

o 


o> 

o 


<75 

c 


I + I 


I I 


C-lOC£)COHCOOiHCO<D 

CnHOt'CO'^tiOOH'ci’ 

COCMCMCOCOtHtHCOCOC 

tHtHtHtHtHiHtHtHtHtH 


OOOOOOOOOO 
tH  tH  tH  iH  tH  tH  ' 
rHtHiHiHtHiHrHtHrH 


tH  tH  I 


I I I 


o 

X 

X 

X 1 

1 1 X 

o 

X 

X 

X 

X 

X 

X 

o 

X 

X 1 

M"! 

' • d 

X 

X 

X 

X 

o 

X 

p 

X 

O 

p 

X 

X 

X 

X X o 

X 

X 

X 

X 

CM 

o 

CO 

X 

X 

X 

X 

X 

X 

X 

X 

p 

X ■M’  X 

d 

X 

X 

•Cf 

CO 

X 

0 

• 

0 

0 

0 

0 

0 

0 

0 

• 1 1 1 II 

1 1 1 1 1 1 0 

0 

0 0 0 

20 

0 

ft 

0 

ft 

0 

■cr 

X 

tH 

•M* 

X 

X 

iH 

■M" 

X X X 

o 

X 

X 

tH 

X 

X 

X 

X 

X 

X 

tH 

X 

X 

X 

X 

iH 

X 

XXX 

Ml 

X 

X 

CO  LO  t~  rH  rH  LO  CD  tH  00 
CMOtHCNJtHCOtHOOO 

• •••••••  • 

I I + + + + + I + 


00»H00C75-<9'tHtH'?l'eMO 
C»J  «H  C75  CD  CO  to  CD  tH  CNJ  CD  I 
rrCMtHCOCOtHiHCOCOO 
("■*rHtHtHtH<Hr-ttHtHtH 


OOOOOOOOOO  I 
oooococoooooooooooo 


II  I I I I I I I 


I I I 1 1 I I 


CJ5 
I CO 


<75 

I cc 
CO 


I o 

00 


tH 

o 


CM 

CD 

CM 


tH 

O 


CM  CM 
^5?  CO 


C~  ID 
H tH 


O ID 
CO  O 


rJ*  tH 
H O 
CM 
tH  iH 


O IH  O t-  C75  CM  O 
CO  H C75  00  00  CO  CO 

• ••«••• 

00  LD  ID  CD  IH  CM 
tH  rH  tH  tH  tH  tH  tH 


CO  <75  ID  CO  LO 
O CO  ID  O tH  O 


I I I 


>1 

CO 

ID 

I • 

CO 


'cri.  .. 
00  c 

^ iD 

I • • 

CO  tH 
tH  tH 


CM 

tH 


■^  + + + 


iDt-OOLDCOQOt- 
CO  ID  05  CO  O O CO 
CO  CO  O tH  CO  CO  O 
tH  tH  tH  tH  tH  tH  tH 


I I I I I 


X 

LO  rH 

tH 

tH 

1 CO  C 

X 

0 

ft  ft 

ft 

+ 

+*  H- 

+ 

M” 

O CO 

X 

X 

1 CD  O 

XI 

X 

CD  TT 

X 

rH 

X 

^mVo  j 

tH  CO  CM 
CM  CO  CO 

• • • 

CO  H CM 
tH  tH  tH 


IH 

CM 


0> 

+5 

H» 

(tj 


>5 

c£ 

<H 


St 


<w 

O 

C 

O 

•H 


cn 

o 

o 

o 


CMlDtH<J5t- 
CO  ID  CD  <75 


00  C75  CM  tH  t~ 
iH  CM 


005  OOC75OO05O 
»H  tH  ! ID  ID  tH  tH  OO  r"i  rH 
tH  tH  ,H  H t— ! tH 


tH 

tH 


O 

■M* 


00  CD  tH 
00  05  O ID 


I 

LD  ID  iD 
05 


t-  CD  rH  <75  tH 

tH  tH  tH  tH  tH 


_ CMlDCOCDCMH'CD 

lOl  I I I I I ItHIOOOOOCMH'l  I I 

• * • • tt  « 0 

+ H-  + S + + H- 


00 

<75 

I tH  I I I 


CO  CI^  IjO  if!) 


Sty  ry  r-  ^ CC  CO 

I n uo  I'  O .0  H I 1 I 


tH 

ID 

0 

CM 

tH 


Rt 
I LD 


00 

I (T, 


CO 

<75 


CO 

tH 


CMlC^I 

ID  M"  00 

0 0 0 

CM  tH  r-i 
tH  tH  t — I 


00 

tH 


ID  tH  tH  ID  CM 

#•000 

tH  (04  tH  IH 
H CO 


X 

CO 

■iH 


>5 

'd 

o 

X 


X 

X 


2 

G 

H 


X 

X 

0 

CO  X 
tH  X 
• bO 
CM  X 

d >5 

•d 

c o 

•H  X 
RJ 

bO  C 


20  RJ 
G X 
H.  ^ 

5x- 


CO 

X 


X 

G 

r( 


G X 

0 X 

X 

X 
X X 

a n 

u u 

4)  CD 
X X 
X X 
Ri  «3 

e E 

>3  >3 

rS  r3 
G G 
® X X 
C d R< 
H Cm  G 
<3  t — * X 
r5  Rj 
G 

bO  bO 

S-5  -S 


X 

X 


o o O O r-  -I  <7: 

I X I I I I f I I CO  I X X X CO  O.-  L'-. 


t I I M* 

X 


X 

X 


Xt-OOXCMXt'-XCOXXM'CJ5C~OOOOCOXXOOXb- 
00  0C0005C75C75C75C75Cr)C75H*C75C500CMOXQC'M'OCOX 
XXXXXXXC'ICMXXXXXOOCXXXM'CCOO 
CM  CM  X CM 


9> 

> 

x:  R) 
d 

X >5 

X X 
bO  x 
•H  Kj 
e XT 


4)  X 

box 

Rj 

u o 

4)  O 

> c 

X 


4)  27 

X 0)  • • 

O X 20  2.5  X 
D 'H  0 0 <n 
G G 'Z  G < 


d 

CO  oo 

G 

CO  CO 

G 

R)  nJ 

r3 

E 

d d 
bO  bO 

>3 

t- 

S § 

X) 

G G 
O <J 

X 

RJ 

G G 

i-*-* 

G G 

C 

to  G 

S-' 

j 

• H ■ 
d d 

ft 

2 5c 

4-» 

6 

?§ 

>3  >3 

T3  "d 

§ 

c 

o o 

bO 

X 

X X 

d 

•d 

o o 

CX 

d 

(h  (h 

> 

d d 

d 

•H 

N N 

Ml 

d 

Si 

O 

o o 

d 

G G 

u 

CO 

"d  "O 

2 

d d 

o 

o 

G G 

o 

o 

o o 

d d 

d 

CO 

G U 

<0 

u d 
o o X 
X CJ  O H 


Table  2, -Amount  of  alfalfa  dry  matter  required  for  maintenancei/ 
by  10  cows  on  three  different  trials 


Cow 

No. 

Trial 

3 

Trial 

4 

Tr  ial 
5 

291 

11.0 

11.0 

11.0 

188 

11*4 

11.5 

10.8 

133 

11.1 

11*7 

10.9 

187 

12.2 

10.7 

10.3 

191 

11*5 

12*0 

11,2 

196 

11,5 

11.8 

11*0 

192 

12.2 

11,5 

11.2 

293 

11,8 

12.1 

11.7 

2696 

11.7 

12,5 

11.9 

197 

12.0 

12,9 

13.4 

Alfalfa  lot  no. 

264 

267-1 

267-2 

Average 

11.7 

11,8 

11,3 

St,  Deviation 

± ,4 

± ,7 

± .8 

(5) 

Coef,  Variation  (%) 

3,6 

5,5 

7.5 

(4.3) 

F between  cows  * 3,12* 

Standard  deviation  of  average 

value  for  cows 

» .92 

Standard  deviation  within  cows  « ,52 

1/  Expressed  as  dry  matter  required  per  1,000  lb»  body  >jeight  by  direct 
proportion  and  corrected  for  body  weight  changes  according  to  the 
derived  factor  of  3«45  lb*  dry  matter  per  lb.  weight  change. 


